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Key Judgments

USSR: Declining Prospects - -3 .
for Three Major Oilfields = "7 :

In response to the paucity of hard data on Soviet oil production, we have
developed a way 1o use advanced technigues of geologic and reservoir

_enginecring analysis to estimale currcnt production and rescrves al large

Soviet oilficlds und to project their future performance wunder likely
alternative developnient scenarios. This paper presents the results—and
implications—af our studies of three of the mnost important Soviet
oilfields. ’

We cstimate that by 1985 the combined production of three of the largest
oilficids in the Sovict Union—Romashkino, Arlan, and Samotlor—will
decline by at least 1.3 million barrels per day (b/d). Unless the Sovicts take
cxtraordinary measurcs to boost production at these huge but aging ficlds,
which currently account for more than onc-third of total Sovict oil oulput,
the decline could be as much as 1.9 million b/d. These measurcs would be
very expensive and of unccrtain effectivencss; morcover, in some cascs the
necessary cquipment would have to come from Western firms.

The current Sovict Five-Year Plan calls for total national production of
12.4-12.9 million b/d by 1983, compared with an estimated 12.0 million
b/d now. The projected declines in production from these three fields alone
will require increases in production from other ficlds of at lcast 1.7 million
b/d in order to meet the 1985 targel. Production at other mature oilfields,
however, is also declining. By 1985 the deficit could exceed 2 million b/d—
or 100 miilion tons per ycar—an amount cquivalent to the enlire produc-
tion of Mexico =nd more than current Soviet oil exports 1o Eastern Europe.
Although the Sovicts have good prospects of increasing output from a
number of younger giant ailfields, it is unlikely that they could comc up
with this imuch cxtra oil from cxisting sources. _

In the past, the Soviets have coped with prospective oil production
shortfalls by developing new producing fields or arcas. in recent years,
however, they have concentrated their cfforts on maxinizing production at
cxisting ficlds. Even if they began now, they would have grgat difficulty
bringing cnough ncw large ficlds onstrcam in time to avert a shortfall
during the mid-1980s.

iii Sgeret™

August 1¥94




k=7

Figure 1
Mzajor Oil-Producing Regions
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USSR: Decclining Prospects
for Three Major Oilfields

fFor 30 ycars after World War 11, oil production in the
Sovict Union grew at cnviable rates. During the mid-
1970s the USSR bccamce the world's icading oil
produccer. It now produccs approximatcly 12 million
barrels per day (b/d), or 600 million tons per ycar, of
crude oil and natural gas condcnsate, about 20 per-
cent more than Saudi Arabia and 18 percent morc
than the United States

About five ycars ago, however, this rapid growth
started 10 slow. Although the USSR rcmains very rich
in pctrolcum resources, the Sovicts are increasingly
hard put to find and producc cnough oil from ncw
discoverics to replace that lost by the incevitable
dcecline of older ficlds. If this trend continucs, output
could begin to drop within the next few vears, and the
Sovicts could fall far short of their current Five-Yeur
Plan target of producing 12.4-12.9 million b/d by
1985." :

A Key Intelligence Question

Like most other major oil-producing countries, the
Sovict Union depends on a small number of large
giant and supcrgiant oilficlds for most of its oil.
tndced. since the latc 1940s the bulk of Soviet oil
production has come {rom {ewer than a dozen large
oilficlds, most of them located in two major oil
rcgions: the Volga-Urals rcgion, which was the main-
stay of Sovict oil supplics from the 1950s through the
mid-1970x, and the West Siberian basin, which has
cmcerged over the past few ycars as the successor to
the Volgu-Urats region (figurc 1). At many of thesc
ficlds, however, rescrves are declining and production
is—or will soon begin—tapering off

The ability of the Sovict Union to maintain self-
sufficieney in oil supplics through the 1980s will
depend heavily on the performance of a handlulof
such large. cstablished fields. The Sovicts nced to €
keep output from these ficlds from deteriorating

' The miost recent CIA estimate of the overall outlovk (or Soviet
petealcum production is contiined in NEFAC Iniclligence Assess-
menn LRS- 10206 (Contidentizl, May V2R, Seveer il Prospects.
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drastically over the next few years in order to buy
cnough timg to develop replacements or alternatives,
such as increased supplics of coal and natural gas.
Thus, determining the near-term prospects for such
oilfiglds is a key intclligence question for the United
States.

Our Approach

The Savicts have not published ficld-by-ficld produc-
tion data for some timec. Particularly since 1977 —
when the Soviets first became aware that C1A was
trying to analyzc their oil prospects—they have scl-
dom reported production figures for major ficlds. The
few figures they have made available have usually
been conflicting or simply not crcdil_nlc.n

11o0s worsc, the Soviets nave

Te make
always ircated data on their oil resceves as a state
sccret; consequently, we do not know what they
betieve their reserves o be—much less what thosc
reserves might actually be

To overcome this lack of infurmation, we have devel
oped a uniquc sct of mcthodolagics that permit us o
cstimate current production and reserves al uxgor
Sovict oilficlds and to project the future yiclds of
these fclds according to likely alternative develop-
ment scenarios. Qur approach involves the application
of advanced techniques of geologic und reservoir
cngincering analysis—-tcchniqucs simitar to thosc that
a Woestern oil company might usc to asscss the
prospects and plan the development of onc of its uwn
ficlds. Unlike the otl campany, however, we lack
physical access to the oilficlds and must coheivge
information dcrived from

analysis for data the oil company can procure finst
hand

The validity of this approach rests on the (act that the
behaviar of an otlficld and its reservoirs under recov-
cry is poverncd by a strict set of fairly well understood
physical laws. The rehiability of our rexnlis, however.,
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can vnly be demonstrated by futurc-cvents. At this

point, wec arc very confident of the accuracy of the

general trends our methodological approach reveals
but somewhat less confident of the accuracy of our
estimates of actual reserves and production

The Results

We have applied this approach to three Soviet ojl-
ficlds: Romashkino and Arlan, in the Voiga-Urals oil
region, und Samotlor, in Western Siberia. At the time
we chose these three ficlds as initial subjeccts for
study, they were the three largest producing ficlds in
the country. Morcover, they were rcpresentative of a
targer group of ficlds with similar production prob-
lems

Romashkine is a mature supergiant ficld that has
dominaicd oil production in the Tatar ASSR sincc the
carly 1950s. Until 1972 it was the largest oilficld in
the USSR in terms of both production and rescrves,
and it is still the country's sccond-largest producer.
According (o our calculations, there were closc to 40
billion barrcls of oil in place in its rescrvoirs when
production began in 1952. Output peaked at 1.6
mitlion b/d in 1970, a ycar in which Romashkino
sccounted for 27 percent of national production. In
1971 production from Romashkino began declining at
a progressive rate that now stands at about 15 percent
annually. We estimate current production at about
1.1 million b/d—still between 9 and 10 percent of
total national output

Our analysis indicates the Sovicts will have extracied
11-11.5 billion barrels of oil from Romashkino's
reservoirs by the end of 1981, If they continuc their
current sccondary rccovery operations—waterflood-
ing—thcy should be able to extract another billien
barrcls by the cnd of 1985.7 It is unlikcly that the ficld
will be yiclding more than 500,000 b/d by then

The Sovicts have announced claborate plans to cn-
hance recovery from Romashkino through carbon-

¥ Waterflooding involves the injection of water under pressure into
an oii reservoir 10 raise (or just maintaing its internal pressure and

sweep the oil through pores in the rock 1oward **~ nroduction wclls.
It is standard practice at most Sovict oilficld

dioxide (CO,) injection.’ This technique, which clsc-

.. where in the world has-led 10 a recovery of mm

additional 5 td" 13 percent of the original oil in place, .
offcrs more promisc ‘at Romashkino than ffernative
cnhanced recovery methods. Neveriheless, we doubt
the Sovicts could rcach even the low end of this range
at Romashkino. The complex nature af the producing
formations coupled with the destructive fashion in
which Romashkino was initially developed would
probably allow the Sovicets to usc CO, in no morc than
10 cf the 23 producing arcas of the ficld. Morcover, to
recover just 3 percent more of the wriginal oil in place
they would have to procure 10 times as much CO, as
will apparently be available from chemical plants near
Romashkino at Tol'yatti. Even assuming adequale
supplics of CO, werc available, it is unlikely that morc
than I-1.5 billion additional barrels could be extract-
cd this way—and it would takc more than 20 years.
Thus, CO; injection would yicld a relatively modest
retuen at very substantial cost. We do not know if the
Sovicts realize this, although there have been recent
indications thcy arc having second thoughts aboul the
project ’

Arlan is a large giant field in the Bashkir ASSR.
Although its dwindling output and rescives arc now
smaller than those at a number of newer ficlds, uniil
recently it was the third-leading oil producer in the

‘Sovict Urnion. Placed in production in 1958, at s

peak in 1974 it produced some 340,000 b/d, about 4
percent of national output. Production has decrcased
substantially sincc then, but is currently holding
steady at about 160,000 b/d, a little more than |
pereent of total national output. Although dwarfed by
Samotlor and Romashkino, Arlan merits scrious
study because its situation is characteristic of rhose at
a growing numbcr of older Sovict oilficlds

Unless the Soviets take cxtraordinary mcasurcs, Ar-
lan will soon cnter an advanced statc of decline, Our
analysis suggests the Sovicts have alrcady rccovered
about 20 pereent of the estimated 7.5-8 billion barrels

* CO, injection (or Nooding) can be used by itscif of in conjunction
with waterflouding 1o maintain pressure and sweep the oil ina
rescrvoir loward the production wells. Unlike waler, CO, mixes well
with oil, for~iar a fluid 1hat moves morc casily through the pores
in the rock )




of ail ariginally in place in its diverse sandstone
reservoirs. (Small amounts of oil have also been found
in a serics of carbonate reservoirs, but production
trom them appears to be insignificant.) It the Sovicts
pursuc their current strategy of infill drilling (sinking
ncw wells between the old wells) and waterflooding,
the decline will resume, depressing output to about
110,000 b/d by 1985. Undcr such circumstancecs,
ultimate recavery from the ficld will probably not
exceed 2.1 billion barrcls, ubout 27 percent of the
original oil in placc B

The Sovicts might be ablc to reverse this decline
temporarily, however, by using cnhanced recovery
techniques. The heterogencity of thz reservoirs at
Arlan makes the ficld a poor candidate for most such
techuiques, but polymer flooding offcrs considerable
promisc.* We have calculated that if polymer flooding
werc initiated at Arlan this ycar, it could conceivably
increasc output to a little more than 200,000 b/d by
1987 and lcad, ultimately, to a recovery of us much as
34 percent of the original oil in placc

Polymer injection, however, has never been used on
the scale that would be involved at Arlan, and its
cffectivencss when uscd on such a large scale in
rescrvoirs with properties as diversc as those at Arlan
is problematic. Moreover, the costs of initiating such a
projcct at Arlan (indeced, anywhere) would be very
high. And the Sovict chemical industry is not current-
ly able 1o manufacture cnough of the polymers nceded
to conduct a full-scale polymer flood at Arlan.* There-
fore, cven though the Sovicts have conducted somce
polymer Mlocd experiments at Arlan, thcy may decide
in the end that the payoff would be too small ar 100
unccrtain to justify the required investment

Samotlor, a supcrgiant ficld in thc Middlc Ob region
of Tyumen Oblast, was discovered in 1965 and put
into production in 1969. With at lcast 50-55 billion

* This would be relatively poor performance in a US oilficld, where
primary and sccondary rccovery nicthods arc usually cxpectathio
extract at feast 35 to 40 percent of the original oil in plac

* Polymer looding involves the injection into 3 rescrvoir unac
waterflood of a solution of specially designed chemicals—cither
polysaccharides or polyacrylamides-—to improve the ability of the
waterflood to sweep the oil 1oward the production wells. 14 is
especially effcctive in rescrvoirs containing heavy. of viscous. oi.

« The Sovicts have recently been sceking polymer supplics from
forcign sources, bt they have not indicatcd these chemicals would
Le uscd at Arlan °

e

barrels of original oil in place, Samotlor is oac of the
largest oilfields in the wacld. During the carly 1970s it
outstripped Romashkino ta become the largest pro-
ducer in the Sovict Union. It now provides the USSR
with 2.6-3.0 million b/d (130-150 million tons per
yecar)—-about 25 pereent of total national oil output in
1981

l1n kceping with standard Sovict practice, Samotlor
has been developed intensively, with a view toward
maximizing currcant production. About 4,500 produc-
tion wells have been drilled to date, and further
production drilling is schcduled 1o continue at feast
through 1985. At present, the Sovicts aic rounding
out development of the ficld along its periphery and
on its three large lakes \s usual, to
Maintain reservoir Presse. -.. o acrease the flow of
oil, the Savicts introduced waterflooding there very
soon aflter regular production operations began. (In
many cascs they used cold, untreated watcr, which
undoubtedly damaged the reservoirs.) Most of the |
wells at Samotlor arc still frec flowing, meaning the
oil is loreed out of the ground by internal pressurc
alone; an increasing number, howcver, arc being
produced by mcans of walking-bcam (sucker-rod) and
submcrsiblc‘pumps. and a {ew weils have been put on
gas lift. -

Despitc its relative youth, Saumotlor is alrcady cxper-
icncing sume problems of the sort usually associated
with dcclining oilficlds. For ecxample, our analysis
suggcests that,watcrcuts arc rising (ast, forcing the
Sovicts to withdraw stcadily incrcasing amounts of
fluid in order to extract a constant amouat of oil.*
Although the watcrcuts in the ncwer, northern parl_of
the ficld arc still very low, thcy may average as much
as SO percent among the older wells in the southern
portion, and 30 pereent in the ficld asa wholc. To
counter this problem, the Sovicts would be expected to
intensify infill drilling, increasc the proportion of wells
on pump or under gas lift, and speed up devclopmient
of arcas around the cdge of the ficld—cven though

currcat drilling in these arcas is yiclding sweclls lcss

productive than thosc in the older arcas of the ficld.
Indced, they arc trying to take all of these actions

* (3as can be inicctcd into a producing well 1o deive the vil up the
well borc ¢

* The watercut 1s the proportion of water in the mixture of water,
oil, and liqueficd gas extracted from a production weh
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To accomplish them, however, the Sovicts will nced to
acquirc large numbers of high-capacity submersibic
pumps, large-volume hydraulic pumps. and compres-
sor-driven gas-lift cquipment. Somic of this cquipment
can be supplicd in adcquste quantitics only by Wes-
tern manufacturers—whosc production schedules
may not mecet Sovict nceds. The Sovicts had intended,
for cxamplc, to begin converting the wholc ficld to gas
lift in 1981, but dclays in constructing comprecssor
stations and in rccciving gas-lift equipment purchascd
from Fran‘cc_will postponc this for at lcast another
ycar

Becuuse they have no way at present of seplacing its
cnormous output, Samotlor’s ability to keep producing
at high rates is of critical importance to the Sovicts.
Conscquently. we have subjccted this ficld to full-
scale cnginccring analysis on three occasions—in
1978, in 1980, and again in 1981. Although wc¢ now
understand this oilficld rather well, because of a lack
of recent production data some key unccrtaintics
remain. We do not know, for onc thing, exactly when
production at Samotlor pcaked (although we arc fairly
certain it has pcaked), and we do ngt know preciscly
what the peak production was

Wec estimate, however, that Samotlor probably
rcached its pcak output between 1978 and 1980 at a
level no higher than 3.0 miltion b/d— bclow the 3.2
million b/d thc Sovicts had hoped (and planncd) 1o
rcach. According to the best data now available to us,
production currently stands at somewhere between
2.6-3.0 million b/d. Depending on when the peak
actually occurred, the Sovicts might be able to main-
tain this rate for onc or two maore years if enough
large-volume artificial lift equipment is available.
Thercalter, the field should begin to decline quite
rapidly, at an initial annual rate of perhaps 10 to 15
percent. (The longer the Sovicts manage to defer this
dcecline, the morce precipitous it will be.) By 1985, we
calculate, production will probablv have dropped to
between 1.6-2.2 miillion b/d. ’

* If output from Samotlor doca begin to decline soon at the rates oW
cnginccring analysis lcads us (o predict. we cannot rule out the
possibility that the Sovicts wéuld take heroic mcusurcs to countcer-
act this trend. Apart from its singular contribution to curreat Sovict
petrolcum supplics. the ficld is the showpicze of the Sovict oil
industry ané a bulwark of national raorale. For these reasons the
Sovicts might feet compelicd to pull aut il stops to postpune the
incvitable decline. Conccivably. such cxtraordinary efforts might

Implications -
{f thc situations at Romashkino, Arlan, and Szamotlor

dcvcelop as we have outlined, the combined production
from thesc ficlds will deop 1.3-1.9 niillion b/d by
1985. This is the range that results from totaling our
high and low projcctions of the performances of the
three oilficlds undcr various likely production scenar-
ios. We cxpect actual pcr(orrpnnccs to fall somcwherc
bztween these extremes

The current Sovict Five-Ycar Plan calls for national
oil production to rcach 12.4-12.9 million b/d by 1985.
Thus, cven under very optimistic production scenarios
at all three oilficlds, the Sovicts will need to obtain at
lcast an additional 1.7 million b/d from other sourccs
to mect the goal of the plan. Although they have good
prospects of incrcasing production from a number of
younger giunt oilliclds in Western Siberia and the
Caspian basin, it currently appears unlikely that they
can cgme up with this much from these sources alonc.

Morcover, the total shortfall that the Sovicts will have
to makc up is likcly to be considerably greater than
1.7 million b/d. Production from other aging large
fields will also be declining. Furthermorc, ho!djng the
decrease at Romashkino, Arlan, and Samatlor to 1.3
millior b/d will be exceedingly difficuit and expen-
sive—and will require cooperation from Western
firms and governments, as well as considerable tuck.
A total decrease exceeding 2 million b/d—or 100
million tons per ycar—is not unlikely. That is morc oil
than Romashkino cver produced in onc year and
possibly morc than Samotlor will be producing in .
1985. In other words, the Sovicts will have to find ncw
oil supplics to cover a deficit roughly cquivalent to the
cutirc production of Mcxico—which is more @il than
they currently export to Eustern Europe

Traditionally, the Sovicts have coped with declining
oil production {rom cstablished ficlds by devcloping
ncw producing ficlds and arcas. Therc arc cnormous

maintain production at acar the current levels over the aext five
years, although we judge this unlikcly. Furthcrmore, the Sovicts
atready app<ar to be pouring men and materict into Samotlor about
a3 fast as they can be found. Any substantial increase in the
resources devoted to the ficld would have to comc at the expease of
deercasing investment at other ficlds in Western Siberia, many of
%ich arc alrcady yiclding eelatively better rcturas than Samotlor.

Seere?
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untapped deposits of oil in the castern regions of the
country—somec of which the Sovicts may already have
discovercd—but it scems unlikely this time that any
ncar-term relief will be coming from this quarter.
Typically, it 1akes at lcast five to seven years to bring
a large ncw oillicld onstrcam. As ycet, however, the
Sovicts have made no concerted cfforts to develop any
major ncw arcas, probably because the manifold risks
and difficultics involved have made it scem preferable
for the present to dévote most of their available
investment capital, cquipment, and technical person-
ncl to maximizing output at oilficlds like Romashkino,
Arlan, and Samotlor. By 1985 this may prove to have
been a shortsighted and costly decisior




